Background: Diagnosis of infiltrative small intestinal (SI) disease in cats is challenging,
| INTRODUCTION
Infiltrative small intestinal (SI) disease in cats poses a diagnostic challenge for clinicians. Specifically, differentiating between inflammatory bowel disease (IBD) and small-cell lymphosarcoma/alimentary lymphoma (SC-LSA) can be difficult. These 2 SI diseases can be identical in history, presentation, physical examination findings, clinicopathologic changes, and ultrasonographic findings. [1] [2] [3] [4] [5] [6] [7] Small intestinal histopathology is the gold standard for diagnosing and differentiating these 2 disease entities. Because treatment and prognosis vary, differentiating between these 2 diseases is crucial. 3, 8 However, the diagnostic gold standard still carries with it 2 inherent problems: how best to obtain biopsy specimens (endoscopic versus full thickness) and consistency in histologic interpretation of the biopsy specimens. 6, 9 A debate has emerged within the field of veterinary gastroenterology in recent years over how to obtain diagnostic biopsy specimens from the feline SI, by endoscopy or full thickness surgical biopsy. Many recent studies have brought the diagnostic utility of endoscopic biopsy into question and shown high variation among histologic diagnoses in different segments of SI. 2, 5, 7, [10] [11] [12] [13] The previous studies, however, have failed to consider the biopsy collection methodology used for each individual case. It has been stated that ultrasonography of the abdomen should be performed before endoscopy to make sure the lesion of interest is not out of reach, such as mid-jejunum, but the utility of ultrasonography to predict the presence and location of histologic lesions has not been thoroughly evaluated. 14 The diagnostic utility of ultrasonography has been assessed in studies comparing ultrasonographic lesions to a specific diagnosis in dogs. 15, 16 Other studies have found that ultrasonography of the SI in cats accurately assesses the 4 layers of the SI, and normal values for overall thickness and individual layer thickness have been reported. 4, [17] [18] [19] Some specific ultrasonographic lesions of the SI correlate with specific histologic changes. For example, smooth muscle thickening on ultrasonography correlates with smooth muscle hypertrophy, and striations of the mucosa on ultrasonography correlate with histologic lacteal dilatation. 20, 21 Ultrasonography also can assess functional versus mechanical ileus, and the hemodynamics of the gastrointestinal tract. 22 However, specific ultrasonographic lesions differentiating among different forms of infiltrative SI diseases in cats have proven more controversial. The ultrasonographic findings of SI muscularis thickening and lymphadenopathy in cats were correlated with SC-LSA in 1 study. 4 However, SI muscularis thickening has been reported in cats with eosinophilic enteritis, IBD, and SC-LSA and in cats without clinical evidence of gastrointestinal disease in other studies. 11, 19, 23 The purpose of our study was to assess the ability of ultrasound examination to predict the presence and location of histologic lesions by segment and tissue layer of the SI. Ultimately, if ultrasonography does have diagnostic utility in the localization of disease, the clinician can use this information to choose the best biopsy method for each individual patient and increase the diagnostic yield of the biopsy specimens. surements of total intestinal wall thickness (mucosal interface through serosa) and each individual layer were performed (mucosa, submucosa, muscularis, serosa) of the duodenum, jejunum, and ileum, when images were available. Measurements were performed on longitudinal images except for the ileum, where measurements were performed on transverse images whenever possible as described in a prior study. 18 For the jejunum, a muscularis : submucosa ratio also was recorded. If intestinal wall layering was absent, only the total wall thickness was recorded. From these measurements, total wall and individual layer thickness and jejunal muscularis : submucosa ratio were listed as normal or abnormal, using previous references as a guide. 4, [17] [18] [19] Thickness was considered increased if total wall thickness was >2.5 mm for the duodenum and jejunum, and >3.2 mm for the ileum; mucosa was >1.5 mm for the duodenum and jejunum, and >0.6 mm for the ileum; submucosa was >0.4 mm for the duodenum and jejunum, and >2 mm for the ileum; muscularis was >0.3 mm for the duodenum, >0.4 mm for the jejunum, and >0.9 mm for the ileum;
| MATERIALS AND METHODS
and jejunal muscularis : submucosa ratio was >1. Finally, intestinal mural alteration aside from thickening, such as visualization of a hyperechoic mucosal band, was recorded. See Figure 1 for a demonstration of wall layer measurement and common ultrasonographic lesions. If no images of a particular segment were available, the ultrasound examination reports were reviewed for comments regarding the SI (ie, if they were described as normal or abnormal), but because no measurements could be retrospectively obtained, these segments
were not included in statistical analysis. Continuous variables were described using means and SDs, unless not normally distributed, in which case median values and ranges are reported. Categorical variables were presented as frequencies.
Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV), were calculated using standard equations.
| RESULTS
A total of 169 cats met the inclusion criteria. The median time from ultrasound examination to biopsy or necropsy was 1 day (range, 0-33 days). The median age of cats was 9 years (range, 0.5-21 years).
There were 92 males and 77 females in the study. Of the 92 males, 6 were intact, and of the 77 females, 5 were intact. Table 3 .
Cats with ultrasonographic muscularis lesions were examined for histologic lesions of the mucosa and submucosa within the same SI segment. Results are summarized in Table 4 . In all segments, an ultrasonographic muscularis lesion had high PPV for a mucosal histologic lesion.
| DISCUSSION
We assessed the ability of ultrasonography to predict the presence and location of histologic lesions in the SI of cats. The clinical utility of this question is to help clinicians choose the best biopsy method for each patient. We did not aim to identify the best biopsy method for cats with chronic enteropathies. The choice of biopsy method is a multifaceted decision, based on invasiveness level, patient factors (eg, hypoalbuminemia), and diagnostic quality. An additional complicating factor is that IBD and SC-LSA may be present together, as a continuum, or may be present multifocally or diffusely. 24 From the clinician's perspective, the ideal biopsy method is the least invasive method that provides the most information. Endoscopic biopsies may be preferred to spare the patient from a surgical recovery, and for gross mucosal Prevalence of histopathologic lesions in each segment or layer is provided. Abbreviations: 95% CI, 95% confidence interval; n, number of cases having both ultrasound and biopsy available for evaluation from each segment or layer.
T A B L E 3 Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of ultrasonographic lesions in the jejunum to predict the presence of a histopathologic lesion in the duodenum or ileum 25 Without the availability of these tests, the diagnosis of IBD versus SC-LSA can be challenging without histologic evaluation of tissue deeper than the mucosa. The ideal balance in selecting a biopsy method is to make the decision on an individual patient basis, and before our study, the utility of ultrasonography to aid in this decision has not been evaluated.
We found that when assessing the ability of ultrasonography to predict the presence of histologic lesions in the feline SI in general terms (ie, without regard to which layer of the SI was affected), the test has a high PPV and a low NPV. The presence of an ultrasonographic lesion in any layer of the feline SI strongly supports that a histologic lesion will be present in at least 1 layer of that segment of SI. This finding is consistent with previous reports showing that histologic lesions are present in the SI in 96%-99% of cats with thickening of the SI wall on ultrasound examination and clinical signs of gastrointestinal disease. 26, 27 The unique aspect of our study was to determine whether ultrasonography also could predict the location of histologic lesions. We assessed this possibility by evaluating the specific layer or layers of SI in which both ultrasonographic and histologic lesions were ultrasonographic evidence of thickening of the SI. 27 However, as the prevalence of disease in a population decreases, the PPV will decrease whereas the NPV will increase. Therefore, the PPV and NPV in our study are not generalizable to a population with a lower prevalence of disease. For example, if ultrasonography is used to screen healthy animals or animals without signs of gastrointestinal disease, its ability to predict histologic disease will not be as strong and our calculated PPV
and NPV values will not apply. For example, to demonstrate how prevalence can affect PPV and NPV, we calculated predictive values at various theoretical prevalence rates. For a histopathologic lesion in the duodenum (in any layer), with our calculated sensitivities and specificities, for a population with a prevalence of 30%, the PPV of ultrasonography would be 37.3% and the NPV would be 74.1%; for a population with a prevalence of 60%, the PPV would be 67.5% and NPV would be 44.9%, and for a population with a prevalence of 95%, the PPV would be 96.3% and NPV would be 6.1%. Similarly, for histopathologic lesions in the jejunum (any layer), with our calculated sensitivities and specificities, for a population with a prevalence of 30%, the PPV of ultrasonography would be 40.4% and the NPV would be 84.9%; for a population with a prevalence of 60%, the PPV would be 70.4% and NPV would be 61.6%, and for a population with a prevalence of 95%, the PPV would be 96.8% and NPV would be 11.2%. For histopathologic lesions in the ileum (any layer), with our calculated sensitivities and specificities, for a population with a prevalence of 30%, the PPV of ultrasonography would be 53.9% and the NPV would be 81.1%; for a population with a prevalence of 60%, the PPV would be 80.4% and NPV would be 55.1%, and for a population with a prevalence of 95%, the PPV would be 98.1% and NPV would be 8.8%.
For a population with high disease prevalence, as seen in cats with chronic gastrointestinal signs, the high PPV of an ultrasonographic lesion in any layer of the feline SI for the presence of a histologic lesion in any layer of the same segment of SI should help clinicians conclude T A B L E 4 Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of ultrasonographic lesions in the muscularis layer to predict the presence of a histopathologic lesion in the same small intestinal segment's mucosa, submucosa, or both Prevalence of histopathologic lesions in each segment or layer is provided. Abbreviations: 95% CI, 95% confidence interval; n, number of cases having both ultrasound and biopsy available for evaluation from each segment or layer.
that intestinal biopsy should be recommended. If an ultrasonographic lesion is present, a histologic lesion is likely to be present in a population of cats suspected of having SI disease. This supports previous data regarding ultrasonographic thickening of the feline SI. 26, 27 However, we evaluated the predictive value for any lesion, which included thickening, changes in echogenicity, hyperechoic bands, masses, and loss of normal layering structure. Any of these abnormalities is strongly predictive of histologic abnormality and their presence should warrant a recommendation of SI biopsy. In contrast, ultrasonographic lesions in any SI layer have low NPV and low sensitivity for histologic lesions.
Therefore, the lack of an ultrasonographic lesion does not preclude the presence of a histologic lesion, as previously reported. 28, 29 In a patient with a high clinical suspicion of SI disease, SI biopsy still may be indicated when no ultrasonographic change is present.
The ability of ultrasonography to predict the location of a histologic lesion within the layers of the SI wall may be useful to the clinician in deciding whether to recommend endoscopic biopsy versus full-thickness biopsy. Although endoscopic biopsies are less invasive, they may be insufficient for differentiating IBD from small-cell LSA in cats. 2 One advantage of full-thickness biopsy is that it allows for identification of a transmural lymphocytic infiltrate, which is highly supportive of LSA. 2, 6 Our results showed a high PPV for mucosal findings are in contrast to a prior study that found that ultrasonographic thickening of the muscularis layer was associated with histologic infiltrate of the mucosa and submucosa. 4 However, in that study, as in our study, ultrasonographic thickening of the muscularis layer was not associated with histologic infiltrate of the muscularis layer. 4 It has been suggested that thickening of the muscularis layer can be caused by muscular hypertrophy or muscular shortening, rather than by cellular infiltration. 4 The NPV for ultrasonographic lesions in the submucosal and muscularis layers was relatively high (66.2%-92.6%) indicating that the absence of ultrasonographic change in these layers suggests the absence of transmural disease.
Another limitation to endoscopic biopsy in the diagnosis of SC-LSA is the segmental nature of the disease. Cats with SC-LSA in 1 segment of SI and IBD in another segment commonly are reported in the veterinary literature, with segmental disease reported in as many as 33% of cats. 2, 7, 27 Endoscopic jejunal biopsy beyond the proximal jejunum in cats typically is not possible because of limitations of the equipment.
Endoscopic ileal biopsy in cats can be technically challenging and may require blind biopsy without direct visualization of the mucosa. 7 The most common site of SC-LSA in the feline SI is the jejunum or ileum, highlighting a major limitation of endoscopic biopsy. 5, 11, 24 When evaluating the ability of ultrasonography to predict histologic disease of the jejunum in our study, we found a high PPV and low NPV when considering lesions of any layer of the jejunum. Therefore, an abnormality on ultrasound examination is strongly suggestive of histologic disease in the jejunum, whereas the lack of an ultrasonographic lesion does not preclude the presence of a histologic lesion. When examining the small number of cats in our population in which the jejunum was the only segment of SI with an ultrasonographic abnormality, 62.9% had a histologic lesion in the duodenum or ileum. Regardless of ultrasound examination findings, it would be difficult to suggest that jejunal biopsy is unnecessary in an individual patient based on the results of our data.
However, the frequency in which the jejunum is the sole site of smallcell LSA in not known. Although many cats with jejunal ultrasonographic lesions also had duodenal (83.7%) or ileal (76.4%) histologic lesions, we did not assess whether the histopathology was the same in all 3 segments. Our study was not designed to answer the question of whether endoscopic biopsy is sufficient to diagnose SC-LSA in cats.
However, previous work suggesting that endoscopic biopsy is insufficient evaluated only gastric and duodenal biopsy specimens and did not utilize IHC or PCR for antigen receptor rearrangements (PARR) to confirm diagnoses. Combining duodenal and ileal sampling may increase the yield of endoscopic biopsy. 7 Utilization of IHC and PARR on duodenal endoscopic biopsy samples may further improve the sensitivity of endoscopic biopsy. 25 Our study had several limitations owing to its retrospective design.
It is unlikely that the areas of SI sampled correlated directly with the region of ultrasonographic abnormality in all cases. Although this makes it impossible to say there is a direct correlation between the ultrasonographic and histologic lesions, this situation accurately represents what happens in a clinical setting. Not all cats had histology samples collected from all 3 SI segments, creating a potential source of bias whereby segments that were biopsied were more likely to have gross or ultrasonographic change. Necropsy cases were included in our study to decrease selection bias for cats with jejunal ultrasonographic lesions. However, necropsy histology sample quality for gastrointestinal samples may be compromised because of autolysis, predominantly in the mucosal layer. The majority of diseased cats (79.5%) in our study had inflammation as their primary histopathologic change, whereas only 28.6% had LSA. This finding is in contrast to other studies in which the proportion of cats with LSA was 40%-80%. 4, 6, 25, 27 The number of cats with LSA may be falsely decreased in our study, because the diagnoses were made purely on histologic evaluation, with final diagnosis determined by a single pathologist. The effect of interpathologist variation must also be considered. Advanced diagnostic tests (IHC and PARR) were not performed to distinguish IBD from SC-LSA, which may have led to undiagnosed emerging SC-LSA in some of the cats. However, our goal was not to find associations between specific ultrasonographic lesions and specific histopathologic lesions, and thus this limitation does not change our conclusions. Although other studies evaluating the utility of ultrasonography in the diagnosis of SI disease in cats have assessed a specific ultrasonographic finding of increased thickness, we chose to include any other ultrasonographic lesions that might be associated with disease, such as abnormal wall echogenicity (eg, hyperechoic mucosa, hyperechoic mucosal band) and wall masses. 4, 26, 27 Although this method did not allow us to evaluate the diagnostic utility of specific lesions, it does provide a clinically relevant assessment of the utility of any ultrasonographic abnormality that may be associated with SI disease.
In summary, our data show that cats with SI ultrasonographic lesions are likely to have SI histologic lesions. Most cats with SI mucosal ultrasonographic lesions will have mucosal histologic lesions. Endoscopic mucosal biopsy should effectively identify these lesions. Mucosal ultrasonographic lesions in the jejunum are an indication for surgical biopsy, because the jejunum cannot be reliably evaluated using endoscopy. However, SI submucosal and muscularis ultrasonographic lesions are not predictive of histologic disease in the submucosal and muscularis layers, suggesting that full-thickness biopsy may not be essential to obtain a diagnosis in cats with ultrasonographic submucosal or muscularis lesions, or both. Cats lacking ultrasonographic lesions in the submucosal and muscularis layers rarely have histologic lesions in those layers, and these cats may be good candidates for endoscopic SI biopsy.
Although the decision to recommend SI biopsy and which biopsy technique (endoscopic versus full-thickness) to recommend is multifactorial, our data may help guide recommendations in an individual cat.
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